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An understanding of normal development
and normal function of the lung is essential to
appreciate the physiological derangements
which occur with lung disease.
LUNG DEVELOPMENT
The lung develops as an outpouching of
the foregut at 24 days' gestation. By the six..
teenth week of gestation the full number of
bronchial generations are present and the pas-
sages are canalicular. Between 16 and 24
weeks the airways become tubular and cartil..
age and mucous glands develop. Alveolar cells
which allow gas exchange are present at 24
weeks and the foetus becomes viable. There is
some development of alveoli between 24 weeks'
gestation and term and there are 24,000,000
alveoli at birth. However, there is rapid
development of alveoli from birth to 3 months
and this eontinues up to 8 years of age so that
there are 300,000,000 alveolae by the eighth
year. In early life there is no collateral venti-
lation whereby gas can pass in and out from
alveoli with blocked airways through other
channels. Consequently, any gas trapped with..
in alveoli in the first year of life is unable to
escape until the blocked airway is cleared, so
leading to marked overinflation of the alveoli
during this obstructive phase.
LUNG PHYSIOLOGY
The alveolar cells consist of a type 1 lining
cell and a type 2 granular cell which produces
surfactant. The surfactant producing cells ap-
pear at about 6 months' gestation .. Surfactant
is a lipoprotein which is rapidly synthesized
and is able to change the surface activity of
the alveoli so that surface tension varies with
the size of the alveolus. This prevents smaller
alveoli from collapsing and emptyinr; into
larger alveoli which lvould occur if surface
tension did not change with size.. There is a
reduced activity of surfactant in prematurity
with hyaline membrane disease" Reduced
lReceived January, 1976.
Aust.l"Physiother., XXII, 3, September, 1976
activity is also seen in acidosis, pulmonary
oedema, decreased pulmonary blood flo\v and
leads to airway closure and atelectasis. Matu-
ration of surfactant producing cells can be
induced by hydrocortisone given to the mother
for 24 to 48 hours before the delivery of a
premature baby, so preventing hyaline mem-
brane disease.
The total cross..sectional area of the air..
ways (cross..sectional area of each airway by
the number of airways of that generation)
varies from about 2 sq. metres in the peri-
phery, because of the enormous number of
airways, to 2 sq. em.. in the trachea and major
bronchi. Consequently, obstruction of the
central airways '\vill have a profound effeel
on air flow, whereas extensive disease in the
peripheral airways must be present before it
is recognized either clinically or with function
tests such as spirometry and peak flovv mea~
surement.
The airways are lined by ciliated cells and
mucus producing cells. Several mechanisms
operate to keep the mucus layer flowing
steadily at the rate of approximately half an
inch per minute from the smallest respiratory
tubes into the larger and still larger tubes until
it spills over into the throat and is swallowed.
The cilia heat rapidly in a coordinated
fashion, creating a wave-like movement that
keeps the mucus layer in constant motion
towards the throat. Cilial activity is the chief
mechanism for removal of secretions from
the lung. The effectiveness of this mechanism
is impaired by increased mucus, increased
viscosity of the mucus and drying, irritation
or infection leading to loss of cilia.. Another
mechanism to remove secretions from the lung
is air flow. On inspiration the bronchial tubes
increase in width and length, allowing free
passage of air into the lungs without driving
the mucus coating outwards. On expiration
the hronchi narrow and shorten resulting in
increased frictional drag between the air and
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secretions. Normal air flow tends to push the
secretions out. This tendency is markedly
increased during a cough.
LUNG PATHOLOGY
Failure of the normal clearing mechanisms
results in accumulation of secretions leading
to obstruction which may produce over-ex-
pansion or collapse. This predisposes to infec-
tion which can lead to bronchitis, pneumonia
and lung abscess. The inflammatory response
in itself produces more viscid, purulent secre-
tions which further obstruct airways. There
are two major types of pathology in the air-
vvays and these include infection with viruses
or hacteria and allergic reactions, both of
which lead to oedema, inflammation and
hypersecretion of mucus. Respiratory diseases
are worse in children under three years of age
owing to their small airways, weak chest wall
and reduced immunity. As well, respiratory
disease is worse in malnourished children,
and chronic suppurative lung disease is seen
more frequently in Eskimos and Aborigines.
Congenital abnormalities such as cardiac de-
fects and immune deficiencies predispose to
an increased incidence of respiratory infec-
tion. The dependent lobes are those which are
involved early in most pathologic mechanisms
so that in infants the right upper lobe will tend
to be involved as this is most dependent for
the baby lying on his back, while in older
children the lingula, right middle and both
lower lobes are frequently involved.
Respiratory infections are the commonest
childhood illnesses and are usually due to
viral infections. A.cute respiratory infections
comprise 50% of all illnesses in children
under five years of age and 20% of these
extend to the lower airways with diseases
such as croup, bronchitis, bronchiolitis and
pneumonia. Most of these respond to simple
measures and do not require active physio-
therapy. However, occasionally atelectasis de-
velops because of plugging of some airways
by the excess mucus production. Once this
occurs, physiotherapy is the single most im-
portant aspect of treatment..
PATHOPHYSIOLOGY OF THE COUGH
Physiotherapy plays an important role in
children who present with either a chronic
cough or an ineffective cough. To understand
these groups of diseases one must consider the
pathophysiology of cough. Coughing serves
two vitally important functions essential for
the maintenance of normal healthy airways
and alveoli. The first is the expulsion of food
and foreign matter which may he accidentally
inhaled and the second is removal of excess
secretion from the airways.. The cough me-
chanism is important to remove excess secre..
tion or exudate from the airways which can
not be cleared by normal cilial action.
Coughing is a reflex which is initiated by
stimulation of sensitive receptors in the larynx,
trachea and bronchial tree. These sensory
nerve endings are concentrated in the larynx
and posterior wall of the trachea and at the
points of bronchial branching. They are sen-
sitive to mechanical or chemical stimulation
by touch, foreign substances, irritant gases,
exudates and inflammatory swelling.
There is no specific cough centre in the
brain, although there is a coordinating re~ion
in the upper brain stem and pons which dif-
ferentiates the impulses from the sensitive
receptors and transmits, via the vagus and
spinal nerves, the appropriate impulses to the
muscles concerned with the cough.. These
muscles include the diaphragm, chest wall,
abdominal wall, pelvic floor as well as the
glottis which is initially closed and then sud..
denly opened to allow a high velocity flow of
air.
The cough functions by two mechanisms.
The first of these is production of a high
velocity flow of expiratory gas in the large
airways4 The large airways have the smallest
total cross-sectional area so that large applied
forces can produce high flows through these
airways. The second mechanism includes com-
pression of the smaller airways caused by the
higher p,ressure outside these airways which
squeezes secretions into larger hronchi. A
cough hegins at a high lung volume after a
deep inspiration and this initially squeezes
relatively large airways. Following this initial
cough the next cough is usually at a smaller
volume at which the more peripheral airways
are being compressed and with succeeding
blasts each cough being at a lower lung-
volume compresses a more peripheral airway.
Consequently, a well coordinated series of
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coughs clears the generations of bronchi In
sequence.
INEFFECTIVE COUGH
The cough mechanism may fail at any
stage in this reflex arc. Ineffective coughing
will occur when sensitive nerve endings in the
airways are no longer responsive to stimuli.
For example, some infants who repeatedly in~
hale milk have an ineffective cough as they
lose their sensitivity to this stimulus. The
child with suppurative lung disease can par ..
tially suppress the cough reflex arc so that
secretions are retained in the peripheral air ..
ways. Teaching this child to cough effectively
and regularly is one of the most important
aspects of therapy.
Any child with muscular disease as well as
one with a painful chest or abdomen following
operation and any debilitated infant or sick
premature bahy will have a defective driving
force and these infants ate always at risk of
lung collapse during respiratory infections.
Any child with laryngeal disorders which
prevent effective closure of the glottis and
therefore the development of high velocities
of flo,,,, will have an ineffective cough and
secretions will tend to accumulate. This occurs
particularly in children with a nasotracheal
tube or a tracheostomy in situ.
The brain stem centre can be depressed by
drugs or brain damage and the use of tracheal
intubation and clearing of the larger airways
by suction is important in these children"
The peripheral airways may be so exten-
sively diseased that it is impossible to provide
a sufficient volume of gas to produce the air
flow necessary for clearing mucus. This is seen
particularly in children with severe hronchio~
litis, severe asthma and cystic fibrosis.
Occasionally the cartilage in the larger air-
ways is ahnormal and there is no longer a
well ordered sequence of compression of air..
ways during coughing but all the airways
collapse at once so leading to retention of
secretions. This occurs in bronchomalacia and
some bronchiectasis. Postural drainage then
becomes a very important facet of physical
therapy.
In managing all of these ineffective cough
conditions, breathing exercises, postural drain-
age and techniques such as vibration and clap-
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ping play important roles in maintaining clear
airways.
CHRONIC COUGH
A chronic cough can be due to a number
of specific causes. These include bronchitis
either due to primary infection, inhalation of
milk, allergy or asthma and smoking.
Newer drugs have allowed better control of
asthma so that physiotherapy is not as fre..
quently necessary as it has been in the p,ast.
Important indications for physiotherapy in
asthma include specific therapy to re..expand
collapsed lobes, breathing exercises so that
a child has more control and less anxiety
during an acute episode and supervised parti-
cipation in activities such as swimming, which
are less likely to cause wheezing.
In our society, suppurative lung disease is
no longer a frequent cause of chronic cough
as improved conditions and the introduction
of more effective antibiotics have led to a
decreased incidence of bronchiectasis. How"
ever, for children who develop bronchiectasis
and for those who develop secondary infection
after inhalation of a foreign body, physiother"
apy is essential to clear the airways of purulent
sputum so that further damage does not occur.
Cystic fibrosis is becoming one of the
leading causes of suppurative lung disease in
children. One in every 2,500 babies born in
Australia has cystic fibrosis. This leads to
thickened secretions in the airways which
predisposes to infection. There is associated
malabsorption due to pancreatic deficiency
and excessive loss of salt in the sweat. The
malabsorption and salt loss can usually be
readily controlled. However, the prognosis and
life expectancy depends entirely on the con-
trol of the lung disease. Logical use of physio-
therapy and antibiotic therapy have led to
a much improved prognosis and better quality
of life for children lvith this condition.
Other causes of chronic cough include
tumours, glands and cysts around the airways,
whooping cough and nervous or psychogenic
cough.
When normal defense mechanisms are no
longer adequate to clear the mucus from
the lungs, as in most of the disease states
described, the judicious use of physiotherapy
will help alleviate symptoms and avoid comp-
lications.
